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Display device with adaptive selection of the number of simultaneously displayed rows 



The invention relates to a display device which includes a driver circuit and a 
liquid crystal display with a plurality of rows R and columns C. The invention also relates to 
a driver circuit for driving a display. 

The display technique will play an increasingly more important role in the 
information and communication technique in the years to come. Being an interface between 
humans and the digital world, the display device is of crucial importance for the acceptance 
of contemporary informatiqn systems. Notably portable apparatus such as, for example, 
— „ notebooks, telephones, digital cameras and personal digital assistants cannot be realized 
without utilizing displays. TheWssive matrix LCD technology is a very commonly used 
10 LCD technology; it is used, for example, in laptops and in mobile telephones. The passive 
matrix display technology enablesihe implementation of large displays; such large displays 
are usually based on the (S)TN (SupV Twisted Nematic) effect. A passive matrix LCD 
consists of a number of layers. The display is subdivided in the form of a matrix of rows and 
columns. The row electrodes and coluirm electrodes that are arranged on respective substrates 
15 form a grid. The layer with the liquid crystal is provided between said substrates. The 

intersections of these electrodes form images points or pixels. These electrodes are supplied 
with voltages that orient the liquid crystal molecules of the driven pixels in an appropriate 
direction so that the driven pixel becomes visible. 

Since the size of the displays becomes larger, the significance of the power 
20 consumption of the passive matrix LCD displays for mobile applications increases all the 
time. Because such passive matrix displays are often used in portable apparatus, it is 
particularly important to realize a low power consumption. The effective deployment of a 
standby mode is a suitable approach to reducing the power consumption. For example, in 
mobile telephones all components that are not necessary are deactivated in such a standby 
25 mode. The display is then also switched to a partial display mode. 

In addition to the power consumption, however, the optical performance of 
such STN LC displays is also a decisive criterion for the selection of display devices of this 
kind. For this type of STN LC display it is known to use an addressing technique where a 
plurality of rows is simultaneously driven and the encoded image information is applied to 
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the columns. This MR A (Multiple Row Addressing) technique enables a very good optical 
performance to be achieved in combination with a low power consumption. 

According to said MRA technique a number of p rows is simultaneously 
driven. A set of orthogonal functions is then applied to the simultaneously driven rows p. A 
function for driving the corresponding column is calculated from said set of orthogonal 
functions by way of a calculation rule. Using this function for driving the column, a voltage 
is selected from a plurality of partial voltage values, said voltage being applied to the 
corresponding column so that the corresponding pixels or image points are switched to an 
initial or starting state, that is, in dependence on the data that is supplied from a memory. 

Not the entire display is driven in the partial display mode; this means that 
only sub-regions of the display are required for the display of information. In the case of 
addressing by means of the MRA technique, however, it is necessary to select an optimum 
value p of the number of simultaneously driven rows so as to achieve the best optical 
performance. 

p+1 different voltages are required so as to drive p simultaneously driven 
rows. These voltages are generated by means of a plurality of voltage driver stages in a driver 
circuit for driving the display. The driver circuit is configured in such a manner that said 
driver circuits drive the maximum possible number p of rows that are to be simultaneously 
driven and also comprise a corresponding number of voltage driver stages. 

Using such driver circuits it is not possible to influence the circuit in the 
partial display mode in such a manner that the saving of power is optimized. Moreover, such 
a driver circuit is capable of driving only a limited number of different display sizes. 

Therefore, it is an object of the invention to provide a display device whereby 
the number p of rows of a display that are to be simultaneously driven can be adaptively 
selected with a reduced power consumption and for different display sizes. 

This object is achieved in accordance with the invention in that a display 
'device which includes V driver circuit (1) and a display (2) with a plurality of rows R and 
columns C, where a number p indicates the number of simultaneously driven rows, where the 
rows R and the columns G can be driven by means of voltage values of the equally high 
voltages F and G M ax, and where the display has a multiplexibility of m > R and the number p 
of simultaneously driven rows can be selected in dependence on the display size to be driven, 
whereas the driver circuit (1) includes voltage driver stages (buffers) that can be switched off 
in dependence on the optimal nuViber p to be simultaneously driven, which is derived from 
the display size. \ 
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The invention is based on the idea that in the partial display mode the 
optimum number p of simultaneously driven rows usually is lower than when the full display 
is driven. Because p+1 different partial voltage values are always required when the MRA 
addressing technique is used, including the two voltage levels Vlcd and V S s , therefore, fewer 
5 different partial voltage values are also required in the partial display mode. 

In order to achieve the most attractive optimum performance in the case of this 
MRA addressing technique, the selection of the number p of simultaneously selected rows 
must be optimum. For example, for an LCD display with 64 or more rows, a number of p of 
eight simultaneously driven rows must be selected in order to achieve the best optical 
10 performance and a lower LCD supply voltage at the same time. 

A first step for reducing the complexity of the driver circuit while reducing the 
power consumption of the LCD driver circuit at the same time is to use equal maximum 
Cf voltages for driving the columns and the rows. When the row voltages F, -F and the highest 

and lowest column voltages Gmax,-Gmax are chosen to be equal, only p-1 partial voltages 
%_ 15 will be required. As a result, fewer partial voltage values will have to be generated for the 
Iff LCD display and at the same time the complexity and the power consumption of the LCD 

in 

„ driver will be reduced, because it is no longer necessary to drive all voltage driver stages 

f™ present. 

IfL! However, a partial display mode cannot be realized by means of equally high 

ipifc 20 maximum column and row voltages only. 

^ LCD liquids have a property that is referred to as the multiplexibility m. This 

property indicates how many rows can be driven at the most. The multiplexibility m is 
selected to be such that it is at least as large as required by the maximum number of rows of 
the display that can be driven. For the choice of p there is thus obtained a further degree of 

25 freedom that enables F and Gmax to be set to the same voltage level for different display 
sizes in a partial display mode. In order to achieve this, p and m can be varied. 

In accordance with the invention it is proposed to form the number p of 
simultaneously driven rows in an adaptive manner. This enables the LCD drivers to be used 
for many different applications. A partial display mode can thus be realized while reducing at 

30 the same time the complexity of the driver as well as the power consumption. Using a 

switching device, in such a case the voltage driver stages that are required for generating the 
individual partial voltage values are switched on only if necessary. The power consumption is 
thus reduced in general and in the partial display mode in particular. In dependence on a 
mode of operation of the apparatus in which the display is used, a processor generates a 
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signal whereby the display is switched to the partial display mode. On the basis of the display 
size and the mode of operation the number p is then calculated or fixed so as to minimize the 
power consumption. This number p is used to control the switching device. The switching 
device switches off the voltage driver stages that are no longer necessary, so that they do not 
consume power. In the case of a partial display mode with 32 rows where, for example, only 
two rows are simultaneously driven, only three voltage values are then required still, two of 
said voltages being the two supply voltages and the other voltage being a partial voltage. 



The invention will bk described in detail hereinafter with reference to the 
hat are shown in the drawings. Therein: 

Fig. 1 shows a circuit diagram of the display device in accordance with the 



invention, 



Fig. 2 shows partial voltage values for an MRA LCD driver with p=8, 

Fig. 3 shows the generating of partial voltages for an LCD driver with p=8, 

Fig. 4 shows the generating of partial voltages for p=4, 

Fig. 5 shows the generating of partial voltages for p=2, 

Fig. 6 shows a reading sequence for p=8, 

Fig. 7 shows a reading sequence for p=4, and 

Fig. 8 shows a reading sequence for p=2. 



Fig. 1 showk the driver circuit 1, the display 2 and the microcontroller 3. The 
/driver circuit 1 includes a mtemory 9 in which the image data is stored. The driver circuit 1 
also includes a voltage generating unit 4. The optimum value for the number p is calculated 
in an arithmetic unit 5. The switching device 10 of the voltage generating unit 4 is controlled 
by means of said optimum valueW p. The partial voltages that are generated in the voltage 
generating unit 4 and the two supply voltages are applied to a switch 7. A function generator 
6 generates sets of orthogonal functions that are applied to the rows in dependence on the 
value p. These sets of orthogonal functions are also applied to said switch 7. The partial 
voltages presented and the orthogonal functions are combined therein so as to be applied each 
time as a set of orthogonal functions to the p rows to be simultaneously driven. The p-1 
partial voltage values and the two supply voltages Vlcd and V S s are also applied to the 
switch 8. The set of orthogonal functions that is generated by the function generator 6 is also 
applied to the switch 8. In the switch 8 the column voltage G is calculated in conformity with 
the MRA theory, that is, by means of the set of Orthogonal functions, the value p and image 
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data that is read from the memory 9 and corresponds to the p driven rows of a column. This 
column voltage is selected from theVumber of partial voltages. 

The microcontroller 3 may be integrated, for example, in a mobile telephone. 
Depending on the operating state of this apparatus, the display mode is defined in which the 
display must be driven. If only partial display is necessary in the standby mode, the 
corresponding p value that offers the best optical performance is selected by means of a look- 
up table that is stored in a memory (not shown). Using this p value, the individual voltage 
driver stages in the voltage generating unit 4 are switched on as necessary. This makes it 
possible to generate only five different partial voltage values in a case where four rows have 
to be driven simultaneously, so that the power consumption for driving a display is less than 
when five partial voltages would be used for p=4 and nevertheless nine partial voltages 
would be generated or made available. 

Table 1 shows the necessary supply voltages for the display for different 
partial display modes and multiplexibilities m of the display. Therein, F[V] is the voltage 
whereby the rows of the display are driven and Gmax[V] is the maximum voltage whereby 
the columns of the display are driven. Both voltages can tend towards positive as well as 
negative values, so that an overall supply voltage Vlcd[V] that corresponds to double the 
value of F and Gmax is required for the display. 



Display 
Size 


N 


m 


P 


F[V] 


Gmax[V] 


V LCD [V] 


16 


16 


25 


2 


2.55 


2.55 


5.1 


24 


24 


49 


2 


2.55 


2.55 


5.1 


32 


32 


81 


2 


2.55 


2.55 


5.1 


40 


40 


49 


4 


3.29 


3.29 


6.58 


48 


48 


64 


4 


3.33 


3.33 


6.66 


56 


56 


81 


4 


3.38 


3.38 


6.76 


64 


64 


64 


8 


3.85 


3.85 


6.70 


80 


80 


81 


8 


4.02 


4.02 


8.04 



Table 1: required Vlcd for a Vth = 1.8 V for partial display mode with adaptive p value. 



Fig. 2 shows the partial voltage levels for an MRA system with eight 
simultaneously selected rows. The row voltage and the maximum column voltage are 
represented therein as different values. Consequently, in that case 1 1 different voltages are 
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required for p=8 and F * G M ax- The row voltage (-F, V c , F) and the column voltages (-G M ax 
... Vc ... Gmax) are equidistantly arranged around the level V c . Generally speaking, p+1 
different voltage values are required for driving the columns. The row voltages F and the 
maximum column voltage Gmax can be calculated by means of the formulae 3 and 4. The 
voltages Vd and Vs therein are variables from the Alt & Pleshko method (Alt & Pleshko 
"Scanning limitations of liquid crystal displays", IEEE Trans. El. Dev., Vol. Ed21, No. 2, 
February 1974, pp. 146-155) and are calculated by means of the following formulae (1) and 
(2). 



Vd=Vw I p= ^= = — =- (2) 

V2»(Vm-l)»(Vm±Vm-AO 



r Vs 

r = —f== (3) 
VP 



Gmax = • Vd 



(4) 



In order to reduce the number of different voltage values required, the row 
voltages F and the maximum column voltage Gmax are chosen so as to be equal. Fig. 3 shows 
the voltage generating unit 4 for the case where eight rows are simultaneously driven. 
Therein, the row voltage F and the maximum column voltage Gmax are chosen so as to be 
equal, so that Vi = V 2 = V LC d and Vi 0 = V n = V ss , with the result that only nine different 
voltage levels are required; it is not necessary to generate Vlcd and Vss additionally, but they 
are required for the general power supply of the driver circuit. Because the maximum column 
voltage is not necessarily lower than the row voltage, the equalization of the maximum 
column voltage Gmax and the row voltage F and -F results in a reduction of the complexity 
of the voltage generating unit. The switching device 10 controls the switching off of the 
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voltage driver stages V 3 to V 9 in dependence on the optimum value p. In the case p=8, all 
seven feasible partial voltages are generated by means of the voltage driver stages. 

Fig. 4 illustrates the generating of five voltage values Vlcd, V 4 , V6, Vg and 
Vss for the case where the number p of simultaneously driven rows equals four. The switched 
off voltage driver stages V3, V5, V7, V9 are shown in dashed lines; the switching means in the 
switching device 10 are open for the corresponding voltage driver stages that are not 
required. 

Table 2 shows the partial voltage values for different values p that are applied 

to the display. 



Bias Level 


p=8 


p=4 


p=2 




VI 


Vlcd 


Vlcd 


Vlcd 


Rows 


V2 


Vlcd 


Vlcd 


Vlcd 


Columns 


V3 


7/8 Vlcd 






Columns 


V4 


3/4 Vlcd 


3/4Vlcd 




Columns 


V5 


5/8 Vlcd 






Columns 


V6 


1/2 Vlcd 


1/2 Vlcd 


1/2Vlcd 


Rows and 
columns 


V7 


3/8 Vlcd 






Columns 


V8 


1/4 Vlcd 


1/4 Vlcd 




Columns 


V9 


1/8 Vlcd 






Columns 


V10 


v ss 


v ss 


V ss 


Columns 


Vll 


v ss 


v ss 


v ss 


Rows 


Table 2: Partial voltage values for d 


ifferent p values. 



It appears that for p values that are smaller than eight, the corresponding 
voltage drivers are switched off. Because the voltage generating unit 4 only has to generate 
fixed partial voltage values, the complexity of the driver circuit is reduced. 

Fig. 5 shows the generating of partial voltage values for driving a display in 
which only two rows are driven simultaneously. In this case only three different voltage 
levels are required, two of these levels already being given by the two supply voltage levels 
Vlcd and V ss , so that merely V 6 must still be generated as a partial voltage value. 

The adaptive selection of the simultaneously driven rows enables the best 
optical performance to be chosen for every display size while at the same time the power 
consumption is reduced. At the same time switching over to a partial display mode with an 
accompanying reduction of the power consumption is also possible. Furthermore, the driver 
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circuit can be used for many different display sizes; the requirements imposed on the 
multiplexibility of the LCD liquid can then also be reduced. 

For the adaptive selection of the simultaneously driven rows it is also 
necessary to take into account the fact that different sets of orthogonal functions are used for 
5 different values of p. 

In order to avoid an increase of the complexity of the driver circuit due to a 
changing memory access for different p values, it is necessary to conceive the memory access 
sequence so as to be independent for all values p. The function generator offers different sets 
of orthogonal functions for different values p for supply to the switches 7 and 8. For the case 
10 p=8, eight orthogonal functions are combined with the eight data bits that are read from the 
RAM 9. p data bits that define the state of the driven pixels of the simultaneously driven 
rows are then read out by way of a single access for each column. 

i-5 

■%Q When the value p is reduced to four rows to be simultaneously driven, only 

five partial voltage values will be required, so that four voltage drivers are switched off and 
15 the entire system is scaled down so that the LCD supply voltage is reduced. 

C3 

|n The driving sequence for the rows remains the same for all feasible numbers p 

in 

; ' of rows to be simultaneously driven. Notably the memory access remains the same. The 

p driving sequence for the rows is conceived for the maximum feasible number p and on the 

jffj basis of this value p the sequences are derived for the lower values p. For p=8, therefore, for 

20 each column the data of eight rows is read from the memory; this data is combined with the 



eight orthogonal functions and the column is driven accordingly. At the same time the 
associated eight rows are selected and driven (Fig. 6). When p=4 (Fig. 7), the same eight data 
bits are read as in the case p=8. The selection of the rows, however, is subdivided into two 
sub-steps. In a first step the first four rows of the maximum number of eight rows that can be 

25 driven simultaneously are driven and in a second step the other four rows are driven; no 
memory access is required for the latter. For p=2 (Fig. 8), the driving of the eight rows is 
subdivided even further into steps of four times two rows. The eight data bits are again read 
from the memory 9 in one operation. This offers the advantage that the memory access 
remains the same. The addressing of the memory 9 is thus rendered independent of the 

30 selection of p. 

The sequence of the driving of the rows, however, is not always as simple as 
shown in the Figs. 6 to 8 where the first row of the first block is also the first row on the 
display, which display is written from the top down. The sequence may also be much more 
complex. The described mechanism for deriving the driving in the case of a number p that is 
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smaller than the maximum number enables simple adaptation to the various functionalities of 
contemporary applications such as scrolling, mirroring or the compatibility of Tape Carrier 
Package TCP versus chip-on-glass applications. Relevant logic circuitry can thus be saved 
and the system can be more readily adapted to suit different display chips. 



